We describe the isolation and characterization of a cDNA clone encoding a region of the carboxy terminal globular domain (G domain) of the a-1 chain of laminin from the sea urchin, Strongylocentrotus purpuratus. Sequence analysis indicates that the 1.3 kb cDNA (spLAMa) encodes the complete G2 and G3 subdomains of sea urchin a-laminin. The 11 kb spLAM-a mRNA is present in the egg and declines slightly in abundance during development to the pluteus larva. The spLAM-a gene is also expressed in a variety of adult tissues. Whole mount in situ hybridization of gastrula stage embryos indicates that ectodermal and endodermal epithelia and mesenchyme cells contain the spLAM-a mRNA. Immunoprecipitation experiments using an antibody made to a recombinant fusion protein indicates spLAM-a protein is synthesized continuously from fertilization as a 420 kDa protein which accumulates from low levels in the egg to elevated levels in the pluteus larva. Light and electron microscopy identify spLAM-a as a component of the basal lamina. Blastocoelic microinjection of an antibody to recombinant spLAM-a perturbs gastrulation and skeleton formation by primary mesenchyme cells suggesting an important role for laminin in endodermal and mesodermal morphogenesis.
Introduction
The extracellular matrix (ECM) plays an important role in the development of both vertebrate and invertebrate embryos. Events such as cell adhesion, polarization, migration and differentiation can all be modulated by the ECM (for review see Adams and Watt, 1993) . In the sea urchin embryo, an ECM is present surrounding the fertilized egg and cleavage stage embryos as a hyalin layer and apical lamina. A basal lamina, and interstitial (blastocoelic) matrix are present in the blastocoel of later stage embryos (Wolpert and Mercer, 1963; Kawabe et al., 1981; Galileo and Morrill, 1985; Bisgrove et al., 1991) . Major components of the vertebrate ECM, collagen, proteoglycans, and a laminin-like protein have all been reported and partially characterized in the sea urchin embryo (Solursh and Katow, 1982; D'Alessio et al., 1990; Wessel et al., 1991) . In addition, other ECM molecules unique to sea urchins have also been described such as echinonectin (Alliegro et al., 1988) , fibropellins (Bisgrove et al., 1991) , ECM 3 (Wessel and Berg, 1995) , ECM 18 (Berg et al., 1996) and pamlin (Katow, 1995) . Preliminary reports have also indicated the presence of á and â integrins in sea urchin embryos (Marsden et al., 1993; Susan and Lennarz, 1993; Hertzler and McClay, 1994) .
During sea urchin development, the ECM exerts a profound effect on cell attachment, migration and differentiation. Perturbation of ECM assembly or structure with various inhibitors or antibodies alters cellular interactions with the ECM and results in disrupted or arrested development (reviewed in Ettensohn and Ingersoll, 1992) . In the sea urchin embryo the basal lamina forms on the basal surface of the epithelial cells at the blastula stage where it later serves as a substrate for migrating primary mesenchyme Mechanisms of Development 81 (1999) [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] 0925-4773/99/$ -see front matter © 1999 Elsevier Science Ireland Ltd. All rights reserved. PII: S0925-477398002226 cells and may modulate epithelial cell polarity, gastrulation and mesenchyme differentiation (Harkey and Whiteley, 1980; Amemiya, 1989; Ingersoll and Ettensohn, 1994; Wessel and Berg, 1995; Katow, 1995; Berg et al., 1996) .
A major component of the vertebrate basal lamina is laminin, a large multifunctional glycoprotein. The prototypic laminin molecule isolated from the mouse EHS tumor (laminin 1) is a cross-shaped structure composed of three polypeptide chains a, b and g organized in a heterotrimeric assembly with relative molecular weights of 440, 210 and 200 kDa, respectively (Burgeson et al., 1994) . The three trimeric short arms are formed from the amino terminal region of each chain and consists of globular domains and EGF-like repeats. The long arm of laminin terminates in a carboxyl terminus G (globular) domain composed solely of a chain sequences. This globular domain consists of five sequential repeats that fold into a cluster of smaller globular domains (Sasaki et al., 1988) . While other isoforms of laminin (laminins 2-7) have been identified and partially characterized (Burgeson et al., 1994; Timpl and Brown, 1994) most of the information concerning functional aspects of laminin come from studies with laminin 1.
A number of biological activities of laminin have been mapped using proteolytic fragments, fragment specific antibodies and synthetic peptides (Beck et al., 1990; Engel, 1992; Nomizu et al., 1995) . These studies have indicated that the short arm structures contain a YIGSR and a cryptic RGD sequence for cell adhesion and migration (Aumailley et al., 1990; Vukicevic et al., 1990) , a site for mitogen activity (Kubota et al., 1992) , nidogen binding (Mayer et al., 1993) and sites important for laminin self assembly (Schittny and Yurchenco, 1990) . Long arm sequences include the a-chain derived peptide IKVAV, which promotes adhesion, migration and neurite outgrowth (Tashiro et al., 1989; Vukicevic et al., 1990) , and the elastase generated fragments E8 and E3. The E8 peptide, which comprises the end of the trimeric long arm plus the first three of the G domain repeats, contains binding sites for a 6 b 1 integrin Skubitz et al., 1991) , promotes cell adhesion, neurite outgrowth (Edgar, 1989; Skubitz et al., 1991) and kidney mesenchyme polarity (Klein et al., 1988) . The elastase fragment E3, which includes the last two G domain repeats, is the major heparin binding region (Yurchenco et al., 1993) , and contains an a 3 b 1 integrin binding site (Gehlsen et al., 1992) and is involved in epithelial branching (Kadoya et al., 1995) .
The presence of laminin in the basal lamina of sea urchin embryos has been inferred by a variety of indirect techniques including cross-reactivity by immunoblot analysis with anti-vertebrate laminin antibodies (Wessel et al., 1984) and modulation of mesenchyme migration and gastrulation by the laminin peptides YIGSR and IKVAV (Crawford and Burke, 1994; Hawkins et al., 1995) . In addition, a protein recognized by a monoclonal antibody (Mab BL1) immunoprecipitates a protein complex with the subunit structure characteristics of laminin .
To establish definitively the presence of laminin in sea urchin embryos and to initiate an investigation of its role in morphogenesis, we isolated and characterized a 1307 bp cDNA which encodes a portion of the carboxy terminal globular domain (G domain) of the sea urchin laminin a chain. The 11 kb laminin a-chain (spLAM-a) mRNA is present in the egg and persists in cells of the major epithelial and mesodermal tissues of the embryo through the pluteus larva stage of development. The protein is synthesized continuously from the egg through the gastrula stage as a 440 kDa protein which accumulates from low levels in the egg to high levels in the pluteus larva. Light and electron microscopy studies confirm that the protein encoded by spLAM-a mRNA is a component of the apical ECM of eggs and cleavage stage embryos and of the basal lamina of blastula and post-blastula embryos. Microinjection of an antibody to recombinant spLAM-a perturbs gastrulation and skeleton formation by primary mesenchyme cells indicating an important role for laminin in endodermal and mesodermal morphogenesis.
Results

Characterization of WL23 clone
The WL23 clone was isolated from a Strongylocentrotus purpuratus egg lZAP cDNA library using a probe derived from a PCR fragment from Tripneusteus gratilla cDNA (Rosenthal, unpublished data). Homology searches revealed that the amino acid sequence of WL23 is approximately 23% homologous and 39% similar to the G2 and G3 subdomains of the carboxy terminal G domain of Drosophila, murine and human laminin and merosin a chains (Fig. 1) . The WL23 sequence contains the conserved cysteine residues thought to form the disulfide crosslinks which define each homologous subdomain repeat (Beck et al., 1990; Haaparanta et al., 1991) , as well as a high degree of conservation of the location of glycine residues. The WL23 sequence also contains several conserved sequence motifs; DLGSG in the G 2 subdomain and LIYIGGL followed 17-21 residues later by a G-C pair, all signatures of the G domain of laminin a-chains (Garrison et al., 1991; Haaparanta et al., 1991; Joseph and Baker, 1992) . We will refer to this protein in S. purpuratus as spLAM-a.
Accumulation of laminin a-chain mRNA during developmentof laminin a-chain mRNA during development
Northern blot analysis was used to determine levels of spLAM-a mRNA during embryonic development. A single band of hybridization was detected at a mobility of 10-11 kb, as determined by comparison to commercially available markers and mobility of the 18 and 28 S rRNA. The inten- sity of ethidium bromide staining of the ribosomal RNA bands was used to verify the equal loading of total RNA on the gel. Quantitation of the hybridization pattern in Fig. 2 indicates that the highest concentration of spLAM-a mRNA is present in the egg and levels decline 25-30% in postgastrula stages. Expression of the spLAM-a gene is not confined to the embryonic or larval stage of development. Total RNA was extracted from tube feet, intestine, coelomocyte and ovaries from non-gravid females and used for Northern blot analysis (Fig. 3) . RNA from gastrula stage embryos was included as a control. The results indicate that all four adult tissues express the spLAM-a gene.
Whole mount in situ hybridization was used to determine the spatial distribution of spLAM-a mRNA in gastrula stage embryos. Embryos were hybridized with digoxygeninlabeled sense or antisense RNAs transcribed from the pBluescript clone WL23. The results shown in Fig. 4 indicate that all major tissue types: mesenchymal, ectodermal and endodermal epithelia contain mRNA that hybridizes only to the antisense probe to spLAM-a mRNA. Parallel hybridization reactions with the sense strand probe show only background levels of hybridization. The observation that mesenchyme cells accumulate spLAM-a mRNA was also demonstrated by Northern blot analysis using RNA isolated from micromeres and primary mesenchyme cells (data not shown). These results indicate that in gastrula stage embryos the spLAM-a mRNA is present in tissues of all germ layers.
Synthesis and accumulation of spLAM-a protein
The synthesis and accumulation of the spLAM-a protein was investigated by immunoprecipitation and immunoblot analysis. A murine polyclonal antiserum to spLAM-a recombinant fusion protein was used to immunoprecipitate laminin a-chain protein following pulse labeling of embryos with 35 S-methionine. The results shown in Fig. 5 indicate a band at approximately 420 kDa which we assume to be newly synthesized spLAM-a protein. The intensity of this band at mesenchyme blastula (lane 2) is double that of cleavage (lane 1) and pluteus stages (lane 3) indicating an elevated rate of synthesis at the time of basal lamina deposition. In addition to the 420 kDa band, the immunoprecipitate also contains a prominent band with a mobility about 210 kDa which most likely represents one or both of the B chains of laminin (b and g). In a variety of cell culture systems the b and g chains have been shown to co-immunoprecipitate with native laminin a-chain using chain specific monoclonal antibodies (Lissitzky et al., 1988; Wu et al., 1988) .
The accumulation of the spLAM-a protein was studied by immunoblot analysis using equivalent total embryo extracts from different developmental stages. The results shown in Fig. 6 show an immunoreactive band at 420 kDa at 9-12 h (32-64 cells) after fertilization, the time of definitive basal lamina deposition. The protein continues to increase in concentration through the 62 h prism stage. The apparent absence of a band in unfertilized eggs simply represents a lower concentration of the protein in this stage. When higher concentrations of the egg extract are loaded onto the gel, an immunoreactive band is seen at 420 kDa. The spLAM-a immunoreactive band from total embryo extracts co-migrates with a band from a basal lamina (BL) preparation consistent with our proposal that spLAM-a is a basal lamina protein. The immunoblot and immunoprecipation data suggest that spLAM-a chain synthesis continues throughout development utilizing a relatively constant concentration of mRNA and that the increase in total laminin protein is most likely due to the absence of or minimal protein turnover.
Spatial and temporal localization of spLAM-a protein
The spatial distribution of the spLAM-a protein was examined by immunofluorescence, confocal and immunoelectron microscopy. Whole mounts of eggs and early cleavage embryos reacted with anti-spLAM-a antisera show diffuse intracellular staining (Fig. 7 , rows 1,2). Confocal microscopy of cleavage stage embryos ( Fig. 8A) indicates staining on the apical surface of the embryo in addition to the intracellular staining which appears concentrated in perinuclear vesicles. By the blastula stage, all apical staining has disappeared and distinct basal lamina staining is evident (Fig. 7, row 3; Fig. 8B,C) . At the mesenchyme blastula stage staining becomes discontinuous at the vegetal plate, the site of primary mesenchyme ingression (Fig. 8C) . The region of discontinuity is very localized since confocal and whole mount images lateral to the site of ingression show an intact basal lamina (Fig. 7, row 3; Fig. 8B ).
After gastrulation, immunoreactivity is continuous around the ectodermal basal lamina and that of the newly formed embryonic gut (Fig. 7, row 4) . The apparent animalvegetal gradient of basal lamina staining, while not unusual, is not a consistent observation. However, the weaker staining of the basal lamina underlying the gut epithelium is typical and probably reflects the fact that there was no pre-existing laminin present. We consistently observe elevated levels of spLAM-a staining in the mid and hind gut regions in pluteus stage embryos (Fig. 7, row 5) ; however, the significance of this observation is unknown.
Localization of spLAM-a chain to the basal lamina was confirmed by electron microscopy (Fig. 9) . Mesenchyme blastula stage embryos show intense staining of the basal lamina with very little staining of the blastocoelic or apical extracellular matrix. Control embryos stained with nonimmune or secondary antibody alone showed no staining (data not shown).
Laminin is necessary for gastrulation and skeleton formation
To investigate a possible role for spLAM-a in sea urchin morphogenesis, whole IgG or Fab fragments of antispLAM-a were microinjected into the blastocoel of 22 h early mesenchyme blastula stage embryos. Embryos were evaluated twenty-four hours later when control embryos reached the prism stage of development. Control embryos completed gastrulation and primary mesenchyme cells formed a normal ring pattern and long skeletal rods by this stage of development. Identical results were obtained with Fab fragments or intact IgG. Embryos injected with Fab fragments or intact IgG from preimmune serum were indistinguishable from control (non-injected) embryos (Fig.   10E ). All embryos injected with anti-spLAM-a exhibited normal primary mesenchyme migration and ring formation (Fig. 10D ). Approximately 70% of the embryos injected with anti-spLAM-a arrested as partial gastrulae with absent or very short archenterons (Fig. 10A,B) . These embryos also failed to form any noticeable spicules despite forming a normal primary mesenchyme ring pattern. The remaining embryos completed gastrulation, formed a normal primary mesenchyme ring pattern, but failed in most cases to form spicules (Fig. 10C,D) . In fact, all injected embryos formed a normal primary mesenchyme ring pattern regardless of the effect the antibody had on gastrulation (Fig. 10D ). Although skeleton formation by primary mesenchyme cells was greatly inhibited by anti-spLAM-a about 30% of the embryos that completed gastrulation were able to make a rudimentary skeleton with very short triradiate spicules (data not shown). These results indicate a critical role for laminin a chain in gastrulation and skeleton formation during sea urchin development.
Discussion
In this study, we have characterized the developmental expression of a sea urchin gene with sequence homology to a portion of the a1-chain of laminin. The 1307 bp cDNA used in this study encodes an amino acid sequence encompassing the second and third globular domain repeats (G2 and G3) that is 23% identical and 39% similar to the same region in the carboxy terminal G domain of a-laminin sequences from mouse, human and Drosophila. This relatively low identity is not unexpected when compared to the 41% identity between mouse and human laminin a-chain G domains and the 26% identity between the G domains of Drosophila compared to the mouse and human sequences (Henchcliffe et al., 1993) . The spLAM-a sequence does, however, contain other signature sequences including the conserved cysteine residues where disulfide crosslinks occur within each homologous repeat (Beck et al., 1990; Haaparanta et al., 1991) , as well as a high degree of conservation of the location of glycine residues.
Northern blot analysis revealed an spLAM-a mRNA of approximately 10-11 kb which could encode a protein of 370-400 kDa; the approximate molecular weight of the sea urchin laminin a-chain. The size is also consistent with alaminin mRNAs from other organisms including Drosophila, mouse and human Haaparanta et al., 1991; Kusche-Gullberg et al., 1992) . The relative contribution of maternal and zygotic transcription to the spLAM-a mRNA levels is unknown, although the persistence of the mRNA following actinomycin D treatment at fertilization indicates transcription during early cleavage is not required (data not shown).
The results of in situ hybridization analysis of gastrula stage embryos indicate that both epithelial and mesenchymal cell populations are expressing the spLAM-a gene. We were surprised to detect spLAM-a mRNA in at least some mesenchyme cells since vertebrate laminin a-chain expression is largely confined to epithelial cells whereas the laminin b and g chains are expressed by many other cell types (Kleinman et al., 1987; Engvall et al., 1990; Klein et al., 1990) . However, expression of the a-laminin gene has been reported in mesenchyme of the embryonic lung (Schuger et al., 1992; Thomas and Dziadek, 1994) and at very low levels in uninduced kidney mesenchyme (P. Ekblom, personal communication) . Northern blot analysis of total RNA from micromeres and primary mesenchyme cells confirm the presence of spLAM-a in this mesodermal lineage at levels comparable to those on a per cell basis from the whole embryo (data not shown). The relative contribution of epithelial and mesenchyme derived laminin a-chain to the basal lamina in sea urchin embryos is unknown. Primary mesenchyme cells do not stain with anti-a laminin antibodies at a level detectable by light or electron microscopy. Thus if the mRNA is translated in these cells, the protein is either degraded, secreted into the blastocoel, or is present at levels below detection.
Immunoprecipitation of proteins from pulse labeled embryos suggests that synthesis of laminin occurs during cleavage at a rate that remains within a twofold range during development. The identity of the 210 kDa protein that coprecipitates with the a-chain is unknown, but it is tempting to suggest that it represents either one or both of the B chains of laminin (b and g). The monoclonal antibody MB1 raised by , which recognizes a putative sea urchin laminin heterotrimer, will immunoprecipitate pulse labeled proteins of 480 and 260 kDa suggesting that synthesis of one or both of the B chains may be coordinate with the a-chain.
spLAM-a is also present as a maternal protein synthesized during oogenesis. The egg thus contains maternal protein and mRNA which is being translated since it is associated with polysomes (data not shown). The presence of maternal a-laminin protein and mRNA has also been described in Drosophila eggs (Kusche-Gullberg et al., 1992) . Our results extend these observations to sea urchin embryos and confirm the earlier observations by Wessel et al. (1984) who used antibodies to trimeric vertebrate lami- nin to detect its presence in vesicles in unfertilized sea urchin eggs. Confocal and conventional fluorescence microscopy of eggs and early cleavage embryos indicate vesicular localization of spLAM-a (Fig. 8 , and data not shown). Following fertilization, some of the spLAM-a appears to be exocytosed to the egg cell surface. Its not clear whether other ECM molecules destined for the blastocoel and basal lamina are contained within the same vesicle as spLAM-a. It appears, however, that apical exocytosis of spLAM-a vesicles at fertilization is incomplete since vesicles are still apparent at the two-and four-cell stage. The trafficking profile of these vesicles appears to follow a pathway characterized by Matese et al. (1997) who describe a subset of ECM containing vesicles which fuse with the plasma membrane and whose contents form a layer outside the hyalin layer. Sometime later, as cellular polarization occurs, subsequent secretion occurs at the basal surface coincident with the formation of a basal lamina. The intracellular vesicles that remain prior to overt basal lamina formation presumably contribute to the forming basal lamina supplementing zygotic spLAM-a synthesis. At late cleavage, when a basal lamina becomes apparent, apical staining attenuates and basal staining underlying the blastula epithelium prevails. The role of the apical a-laminin is unknown. Its presence in the apical hyaline layer, a protein coat that surrounds the embryo (reviewed by McClay et al., 1990) , suggests it may serve a cellular adhesion function similar to other hyaline layer proteins; hyalin and echinonectin (McClay and Fink, 1982; Adelson and Humphreys, 1988; Alliegro et al., 1988) . It may also serve to maintain cellular polarity during the cleavage stage (Nelson and McClay, 1988; Schroeder, 1988) . The a-laminin staining of the basal lamina remains continuous during subsequent gastrulation and pluteus larva formation. Staining is particularly prominent in the basal lamina underlying the tripartate gut and shows a distribution similar to another basal lamina antigen, ECM 18, described by Berg et al. (1996) . However, unlike ECM 18, spLAM-a protein is present in eggs and early embryos and accumulates throughout development.
The observation that antibodies to sea urchin laminin achain inhibit gastrulation and spicule formation is consistent with previous observations by Hawkins et al. (1995) who showed that the laminin peptides YIGSR and IKVAV disrupt gastrulation in sea urchin embryos. however noted that the monoclonal antibody BL1, when injected into the blastocoel, disrupted the polarity of the epithelial cells lining the blastocoel but did not inhibit gastrulation. The basis for the differences between our results and those of is unknown. It may reflect species differences but more likely represents accessibility or functionality of the relevant epitopes. Antibody blocking experiments have been used in other studies to implicate a functional role for the ECM during primary mesenchyme organization, gastrulation and spicule formation. Berg et al. (1996) demonstrate that Fabs to a molecule termed ECM 18 inhibits primary mesenchyme cell patterning and subsequent archenteron morphogenesis. Conversely, Ingersoll and Ettensohn (1994) showed that microinjection of a monoclonal antibody to ECM 1, a carbohydrate component of several extracellular matrix molecules, did not affect migration or early primary mesenchyme pattern formation, but did inhibit archenteron formation. Consistent with our observations with antispLAMa, neither or Hawkins et al. (1995) noticed any effect of antibody or peptide treatment on mesenchyme ingression and migration. This suggests that laminin, or at least the epitope(s) recognized by antispLAMa in carboxyl end of the alpha chain, is not one of the molecular cues used by the primary mesenchyme for migration and pattern formation. Likewise, Crawford and Burke (1994) have shown that secondary mesenchyme released from the archenteron will bind vertebrate laminin and the YIGSR peptide. Primary mesenchyme cells increase their affinity for basal lamina components that line the blastocoel (Fink and McClay, 1985) , however isolated sea urchin laminin has not been tested in these affinity assays. We consistently fail to observe staining of primary mesenchyme cells with the spLAM-a antibody, yet secondary mesenchyme show staining which is polarized toward the epithelium of the animal pole (unpublished observations). These observations raise the possibility that primary and secondary mesenchyme cell populations may have different laminin binding properties. Our results reinforce the conclusion of Berg et al. (1996) that different processes of gastrulation may rely on distinct molecules in the blastocoel. There are a number of possible explanations for the sensitivity of gastrulation and spicule formation to antispLAM-a. Two of the most plausible involve cell-matrix interaction and ECM effects on gene expression. The convergent extension process which characterizes archenteron formation may require important cell adhesion or associative events between the endodermal cells and the underlying basal lamina involving the G domain of a-laminin. Nomizu et al. (1995) , using a peptide based cell adhesion assay, have identified five regions of the G domain of mammalian laminin a1 chain which are important for cell adhesion. Four of the five regions identified by Nomizu et al. are contained in the G-domain sequence that we have cloned and used for antisera production. It is possible that inhibition of gastrulation may result from blockage or disruption of these homologous regions in spLAM-a. The observation that the laminin peptides YIGSR and IKVAV also inhibit gastrulation supports the concept of sequence specific interactions between endodermal cells and the basal lamina. It is also possible that laminin or the a-chain is part of a signalling system that may regulate genes involved in archenteron morphogenesis and spicule formation. The ECM of sea urchin embryos has been implicated in regulating morphogenesis and specific gene expression (Wessel et al., 1991; Govindarajan et al., 1995; Ramachandran et al., 1997) . Guss and Ettensohn (1997) have recently demonstrated that SM 30, a gene which encodes a spicule matrix protein, is responsive to local ectoderm derived cues which may involve the ECM. We have not yet investigated the expression of spicule matrix genes in anti-spLAM-a injected embryos, but all of the SM genes so far characterized are actively transcribed at the time of blastocoelic antibody injection. It would be interesting to examine whether the expression of spicule matrix genes and Endo 1, an endoderm specific marker, are altered in antibody arrested embryos. In addition we note that micromeres will differentiate in vitro when cultured on Matrigel, a laminin rich basal lamina purified from EHS tumors (Benson and Chuppa, 1990) . Matrigel depleted of laminin no longer supports micromere differentiation (unpublished data) suggesting that it may be part of an ECM-primary mesenchyme signalling system.
Materials and methods
Isolation of the WL23 cDNA
The WL23 clone was isolated from an egg cDNA lZAP library of Strongylocentrotus purpuratus (courtesy of Dr. Gary Wessel) using a probe derived from a PCR fragment of Tripneusteus gratilla cDNA. The clones identified by this method were sequenced, and the deduced protein sequence was compared to translated sequences in the GenBank, Swiss Protein and PIR databases. Clone WL23 was subcloned into the pBluescript II SK vector (Stratagene) at the EcoRI restriction site. The GenBank Accession number for this sequence is U65432.
Developmental northern blot analysis
Total RNA was isolated from eggs and embryos of S. purpuratus using guanidinium isothiocyanate as previously described (Hung et al., 1995) .
For Northern blot analysis, 10 mg of total RNA from each stage was separated by electrophoresis in a 1.5% agaroseformaldehyde gel. Following transfer to Nytan + membrane (Schleicher and Schuell), blots were hybridized for 16-20 h at 65°C with single stranded anti-sense RNA probes transcribed from linearized pBluescript-WL23 construct as previously described (Benson et al., 1987) . Quantitation of hybridization signal was performed using a Molecular Dynamics Phosphorimager.
In situ hybridization
Gastrula stage embryos were fixed in Streck's fixative (Streck Laboratories) for 5 days at 4°C, then dehydrated through an ethanol series to 100%. The embryos were hardened by treating 5 min with 100% xylene, and then rehydrated to 70% ethanol for storage at 4°C. Subsequent procedures for whole mount in situ hybridization were essentially those described by Ransick et al. (1993) .
Production of antibodies to recombinant spLAM-a protein
The WL23 cDNA was excised from the pBluescript vector by restricting with BamHI and HindIII. The cDNA was subcloned into the QiaExpress vector pQE 31 (Qiagen, Chatsworth, CA) and transformed into the E. coli strain, SG13009. Synthesis of the recombinant fusion protein and production of murine polyclonal antibodies was as previously described (Hung et al., 1995) . IgG was purified using Protein A Sephrarose (Sigma) and Fab fragments were prepared using Pierce Immunopure Fab preparation kit.
Immunoprecipitation
Aliquots of cultured embryos were removed at 9 h (32-64 cell), 25 h (mesenchyme blastula), and 55 h (prism larva) post-fertilization for pulse labeling. The embryos were resuspended in artificial sea water (ASW), and incubated with 10 mCi/ml 35 S-methionine (Translabel, ICN) for 5 h at 14°C. Labeled embryo pellets were homogenized in three volumes of 50 mM Tris, pH 7.8, 20 mM EDTA, 0.1 M NaCl, 1% (v/v) NP-40, 15 mg/ml DNAse, with protease inhibitors (0.5 mM NEM, 0.2 mM AEBSF, 1 mM Pepstatin). The homogenate was centrifuged at 27 000 × g for 30 min and the supernatant was collected for immunoprecipitation.
Immunoprecipitation was performed by a modification of our previously described technique . Samples were initially pre-cleared of proteins capable of binding Protein-G by incubating in 10% (w/v) Protein-G Sepharose suspension in RIPA-A (0.15 M NaCl, 0.5% (w/ v) sodium deoxycholate (DOC), 1% NP-40, 20 mM Tris, pH 7.2) for 15 min at room temperature, followed by 60 min on ice. After centrifugation, the supernatant was cleared of immunologically cross reacting proteins by incubating with mouse nonimmune serum for 10 min at room temperature, 1 h on ice followed by incubation with Protein GSepharose. The mixture was centrifuged, and the supernatant incubated with mouse anti-spLAM-a polyclonal serum for 1 h at room temperature and then overnight at 4°C. Immune complexes were collected by incubating with Protein G-Sepharose for 15 min at room temperature, followed by 1 h on ice. The Protein-G pellet was recovered by centrifugation, washed once each in RIPA-A buffer, R-1 buffer (2.0 M NaCl, 0.5% DOC, 1.0% NP-40, 10 mM Tris, 7.2), R-2 buffer (1.0% NP40, 0.02 M Na Phosphate pH 7.2, 0.15 M NaCl), R-3 buffer (10 mM Tris, pH 7.2, 50 mM NaCl, 0.5% NP40), and distilled water. After centrifugation, the Protein-G Sepharose pellet was resuspended in SDS-PAGE sample buffer, and the bound protein eluted by heating at 90°C for 5 min. Sepharose beads were removed by centrifugation, and the protein supernatant separated by SDS-PAGE electrophoresis in a 10% gel and processed for fluorography as previously described .
Immunoblotting
Total protein extracts from eggs and embryos were prepared in SDS sample buffer as previously described (Hung et al., 1995) . Samples were separated by electrophoresis on 4-20% SDS-polyacrylamide gradient gels and then transferred to PVDF membrane. All subsequent steps to visualize immunoreactive protein utilized the ECL system (Amersham). The mobility of the immunoreactive laminin a chain from total embryo extracts was compared to antispLAM-a from a crude basal lamina isolated as described by Harkey and Whiteley (1980) .
Immunocytochemistry, confocal and immunoelectron microscopy 4.7.1. Whole mount
Unfertilized eggs and embryos were collected and fixed with ice cold methanol for 30 min. The embryos were washed and resuspended in MFSW and stored at 4°C until staining. For whole mount staining, the embryos were resuspended in PBS, treated with of 0.1% Triton X-100 for 6 min at room temperature and blocked for 30 min in PBS containing 2% sheep serum. The blocked embryos were incubated in PBS containing 0.1% BSA and the immune (or preimmune) serum at a dilution of 1:5000 and incubated for 1 h at room temperature. Following treatment with the primary antibody, the embryos were washed and incubated with FITC-sheep anti-mouse antibody (Cappel) diluted 1:50 in PBS-BSA, followed by mounting in Vectashield (Vectorlabs, Burlingame,CA) and examined using epifluorescence microscopy.
Confocal microscopy
Specimens were observed with a Nikon Optiphot equipped with an MRC-600 laser-scanning confocal assembly (Bio-Rad Microsciences, Cambridge, MA). Single images using a pinhole setting of 2/15 and Kalman filtering were collected. Images were photographed with TMAX 100 film from a high resolution monochrome monitor.
Immunoelectronmicroscopy
Eggs and embryos were fixed in 0.75% (v/v) glutaraldehyde in ASW, pH 7.0, for 1 h at room temperature. Immunostaining was performed using methods modified from Ingersoll and Ettensohn (1994) . Fixed embryos were permeabilized in 0.1% Triton X-100 for 6 min at room temperature, blocked in 2.0% goat serum, followed by washing in PBS. Embryos were incubated in primary antibody (1:100 dilution in PBS) for 1 h at room temperature and overnight at 4°C. Embryos were washed and incubated in HRP-conjugated goat anti-mouse IgG (Promega) for 2 h at room temperature. After washing the embryos were fixed in 2% glutaraldehyde in PBS for 5 min, followed by washing in 0.1 M Tris (pH 7.6). The substrate (diaminobenzadine, 0.7 mg/ ml) was added and the reaction allowed to proceed at room temperature until a color change was visible. Embryos were washed and post-fixed in 1% OsO 4 for 30 min and embedded in Spurrs low-viscosity resin. Thin sections were post-stained for 15 min with uranyl acetate followed by lead citrate for 2 min, then viewed with a Hitachi HS-8 transmission electron microscope.
Microinjection of anti-spLAM a IgG
Protein A purified anti-spLAM-a IgG or Fab fragments were dialyzed into artificial sea water (ASW) and microinjected into the blastocoel of blastula stage embryos as previously described (Ingersoll and Ettensohn, 1994) . Embryos were removed from microinjection chambers and cultured in a drop of ASW on a depression slide in a humid chamber for 24 h. Embryos were observed with differential interference optics and photographed with Kodak T-Max 100 film.
